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Abstract Based on the data of the depths and the
chemical properties of groundwater, salinity in the
soil profile, and the basic information on each
delivery of water collected from the years 2000 to
2006, the varied character of groundwater chem-
istry and related factors were studied. The results
confirmed the three stages of the variations in
groundwater chemistry influenced by the intermit-
tent water deliveries. The factors that had close
relations to the variations in groundwater chem-
istry were the distances of monitoring wells from
the water channel, the depths of the groundwater,
water flux in watercourse, and the salinities in
soils. The relations between chemical variation
and groundwater depths indicated that the water
quality was the best with the groundwater vary-
ing from 5 to 6 m. In addition, the constructive
species in the study area can survive well with the
depth of groundwater varying from 5 to 6 m, so
the rational depth of groundwater in the lower
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reaches of the Tarim River should be 5 m or so.
The redistribution of salts in the soil profile and
its relations to the chemical properties and depths
of groundwater revealed the linear water delivery
at present combining with surface water supply
in proper sections would promote water quality
optimized and speed up the pace of ecological
restoration in the study area.
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chemistry · Tarim River
Foreword
As an indispensable composition of the eco-
system in an arid zone, water plays a crucial role
in both natural and social environments (Chen
et al. 2004). Paying attention to groundwater
chemistry is useful for the management of water
resources and ecological protection (Wen et al.
2004). The environment of natural geography
and geology determined the chemical composi-
tions in groundwater (Wang et al. 2004). The
natural geography, physiognomy, and hydro-
geological situation in the charging and dis-
charging area are the critical factors in the
variation of chemical components of groundwater
(Garrels and MacKenzie 1967; White et al. 1980;
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Frape et al. 1984; Hem 1989; Thomas et al. 1989;
Kristmannsdóttir and Ármannsson 2004). How-
ever, social activities have more and more signifi-
cant impact on groundwater chemistry (Li et al.
2002; Chen et al. 2001; Rodriguez and Candela
2004; Liao and Lin 2004; Ghobadi et al. 2005;
Bai 1997).
Irrational exploitation in water resource devel-
opment and increases in water utilization over the
past five decades have greatly disturbed the nat-
ural distribution of water resources in the Tarim
River valley. A more serious situation is that
more than 321 km of the watercourse has been
drained after the Daxihaizi Reservoir was built
in the 1970s (Liu and Chen 2002). As a conse-
quence, the groundwater depths along the dried-
off watercourse fell from 2–3 to 4–10 m, and the
groundwater quality kept on deteriorating. The
total dissolved solid (TDS) in groundwater was
1.3 g/L in the 1970s; however, it reached 4.5 g/L
in the 1990s. During the past five decades, the area
of Populus euphratica forest, the main tree species
of the region, declined from 5.4 × 104 to 0.523 ×
104 ha along the lower reaches of Tarim River,
while the shrub and meadow area decreased by
200 km2. In contrast, a total of 12,300 km2 of
desertification land formed.
To prevent the continued deterioration of the
ecosystem along the dried-up watercourse, as
well as enlarging desertification, a water delivery
project has been carried out. Starting from May,
2000, the water in Boston Lake was intermittently
supplied to the dried watercourse. By December,
2006, 11 intermittent water releases had been
carried out. The released water played a critical
role in vegetation recovery (Guo et al. 2002; Li
et al. 2003; Zhang et al. 2003; Xu et al. 2003;
Chen et al. 2003). The salt in the water and soils
is the second most important environmental fac-
tor to arid ecosytems; some scholars study the
variations in groundwater chemistry, finding the
changing characteristics of groundwater chemis-
try influenced by less than six water releases (Xu
et al. 2004; Chen et al. 2005, 2008). By now, the
intermittent water releases have been carried out
for 7 years, and 11 water releases were carried
out; the purpose of our research is to: (1) iden-
tify the regulation of the groundwater chemistry
influenced by intermittent water deliveries and (2)
delineate the factors affecting the variations in
groundwater chemical properties.
Study area
Tarim River is located in south Xinjiang,
Northwest China, with a length of 1,321 km and
watershed area of 102 × 104 km2 (39◦00′–41◦40′N,
74◦30′–88◦30′E) (Zhang et al. 2005). It is one of
the longest inland rivers in the world, and with
its name “Water of Life,” it plays a key role in
the development of the local society and economy.
To the south of the river, Taklamakan Desert, the
second largest desert in the world, extends across
the Tarim Basin, which was named after the Tarim
River and Kuluk Desert. The Tianshan Mountains
are to the north of the basin and the Karakorum
Mountains are to the south. The study area be-
longs to an extremely arid zone with a continental
warm temperature climate. The total annual solar
radiation varies around 5,692 MJ m−2. The annual
average precipitation is lower than 100 mm (Liu
et al. 2000).
The alluvial plain of the Tarim River possesses
a thick deposit of the Quaternary system. The
deposit consists of fine sand in the upper layer and
clay and silt in the lower layer. The groundwater
is distributed above the upper alluvial stratum and
beneath limed stratum. The infiltrated water rakes
the upper part, while areolation aquifers are in
the lower part (Cheng 1993). The groundwater is
mainly recharged from the river, so that the deep
buried water becomes plentiful from the riverbed
and banks. Because the mainstream in the study
area was exhausted for nearly 30 years, the
groundwater depth has increased sharply, and the
TDS and salinity concentration in groundwater
has changed much as well.
To restore the riparian vegetation along the
dried-up watercourse, a water delivery project
from Bosten Lake to the lower reaches was initi-
ated by the Chinese Government, as well as the
local government of Xinjiang, in the year 2000.
There were 11 intermittent water releases from
2000 to 2006, and more than 20.78 × 108 m3 has
been released to the watercourse of the lower
reaches. The flow of each delivery down the dry
riverbed progressed further until it finally reached
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Table 1 Basic
information of water
delivery and water
samples collection from
2000 to 2006 in lower
Tarim River
Release Start date End date Site of water-head Volume Sampling
of water (108 m) date
1st 2000.5.14 2000.7.12 Transect D 0.98 2000.9.10
2nd 2000.11.3 2001.2.5 Transect G 2.25 2001.3.3
3rd 2001.4.1 2001.7.6 Transect I 1.84 2001.9.3
4th 2001.9.12 2001.11.1 Taitema Nor 1.98 2002.7.18
5th 2002.7.20 2002.11.10 Taitema Nor 3.31 2003.2.14
6th 2003.3.2 2003.6.15 Taitema Nor 3.40 2003.6.18
7th 2003.8.4 2003.11.3 Taitema Nor 2.85 2004.4.20
8th 2004.4.22 2004.6.25 Taitema Nor 1.02 2005.4.3
9th 2005.4.18 2005.6.7 Taitema Nor 0.52 2005.7.20
10th 2005.8.30 2005.10.31 Taitema Nor 2.28 2006.3.22
11th 2006.9.25 2006.11.29 Taitema Nor 2.33 2006.12.14
Taitema Lake, and it was the first water to enter
the lake in 30 years (Table 1).
Materials and methods
Groundwater sample design
Aimed at the possible ecological benefits brought
about by the stream water conveyances to the
lower reaches of the Tarim River, a total of nine
groundwater-monitoring transects were arranged
along the Qiwenkor River—the river channel
for the supplementary conveyances to the lower
reaches of Tarim River, they are the transects
of Akdun (A), Yahepu (B), Yinsu (C), Abudali
(D), Kardayi (E), Tugmailai (F), Alagan Transect
(G), Yiganbjima (H), and Kaogan (I) downstream
from the Daxihaizi Reservoir (Fig. 1). The spaces
between them are about 20 km for the first six
transects and 45 km for the second three transects.
Fig. 1 The distribution
of monitoring transects
of water releases in the
lower reaches of the
Tarim River
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Along the transects, 40 groundwater monitoring
wells were transversely arranged for monitoring
the dynamic change of the groundwater level and
the water-salt budget during the water release.
To predict the variation of chemical compositions
in groundwater in the future using time series
ARIMA model, monitoring wells B4 and C1 were
chosen. Monitoring well B3 is the third well in
Transect Yahepu; it is 150 m away from the river
channel, and C1, the only monitoring well lying
on the right-hand side of the river, is the first
monitoring well in Transect Yinsu. The distance
between C1 to the river channel is 230 m.
Groundwater chemistry
Once the samples were taken, they were air-
proofed immediately and then taken to the labo-
ratory to be analyzed as soon as possible. TDS
in groundwater was measured by weighting, con-
centrations of Cl− were measured using standard
colorimetric methods with a microflux autoana-
lyzer, SO2−4 was measured using ethylenediamine-
tetraacetic acid volume, Ca2+ and Mg2+ were
measured by atomic absorption spectroscopy
(Varian), and Na+ and K+ were measured by
flame emission spectroscopy (Varian). Addition-
ally, HCO−3 was determined by titration to an
end point pH of 4.3 with sulfuric acid (0.04 N)
(refer procedures to published methodologies).
The depth of groundwater was measured before
water was sampled with the method of electrical
conduction. The data analyses were conducted in
Excell and SPSS 10.0.
Results and analysis
Partial correlations among the chemical
components in groundwater
Table 2 shows the partial correlations among the
chemical compositions of groundwater influenced
by the intermittent water releases; because the
concentrations of anions and cations will change
when the depth of groundwater varies, groundwa-
ter depth was controlled to analyze the correla-
tions among the ions. The result indicate that the
concentrations of Cl−, Na+, and Ca2+ were the
three closest relations to TDS, considering that
SO2−4 plays an important role in the chemistry of
lower reaches of the Tarim River, and the net
amount of SO2−4 is much more than that of Ca2+
in groundwater, so Cl−, Na+, and SO2−4 , as well as
TDS, were chosen to analyze the response of the
chemistry in groundwater to the water releases in
this paper.
Table 2 Partial correlation of groundwater chemical properties in the lower reaches of Tarim River
TDS HCO−3 Cl− SO
2−
4 Ca
2+ Mg2+ Na+ K+
TDS 1.0000
P =.
HCO−3 −0.0606 1.0000
P = 0.302 P =.
Cl− 0.9919 −0.1014 1.0000
P = 0.000 P = 0.084 P =.
SO2−4 0.6925 0.0982 0.6043 1.0000
P = 0.000 P = 0.094 P = 0.000 P = .
Ca2+ 0.8380 −0.1462 0.7971 0.7994 1.0000
P = 0.000 P = 0.012 P = 0.000 P = 0.000 P =.
Mg2+ 0.7594 0.1902 0.6845 0.9158 0.7878 1.0000
P = 0.000 P = 0.001 P = 0.000 P = 0.000 P = 0.000 P =.
Na+ 0.9931 −0.0873 0.9980 0.6230 0.7934 0.6880 1.0000
P = 0.000 P = 0.137 P = 0.000 P = 0.000 P = 0.000 P = 0.000 P =.
K+ 0.0237 −0.0107 0.0285 −0.0232 −0.0135 −0.0049 0.0286 1.0000
P = 0.686 P = 0.856 P = 0.628 P = 0.693 P = 0.819 P = 0.934 0.627 P =.
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Variations in groundwater chemistry
In the monitoring well of B3, Transect Yahepu,
the concentrations of Cl− were 0.411 g/L on
May 13, 2000, and they climbed to 0.666 g/L on
November 1, 2000. After the second delivery,
the content of Cl− in groundwater decreased to
0.268 g/L and did not change much until the eighth
delivery ended in July, 2005, and kept a high
concentration from then on. The other ions and
TDS exhibited the same changing trends under
the 11 deliveries (Fig. 2, B3).
Compared with the concentration before wa-
ter delivery, the concentrations of most chemical
compositions of groundwater in monitoring well
C1, Yinsu Transect, had an increasing change.
After the second delivery, Cl−, SO2−4 , Ca2+, Mg2+,
and TDS decreased a little and HCO−3 , Na+,
and K+ showed an increasing change instead of
decreasing. Influenced by the third delivery, all
the anions and cations, as well as TDS, decreased
greatly. From September, 2001, to June, 2003, all
the chemical properties kept a steady state, with-
out significant increase or decrease. In April, 2004,
influenced by the seventh delivery, HCO−3 , SO
2−
4 ,
Na+, and K+ decreased a lot. In contrast, the
concentrations of Cl−, Ca2+, and Mg2+ and TDS
increased much. In April, 2005, the concentration
of SO2−4 was 1.96 g/L, that is, nearly seven times
as much as that in April, 2004, and the other ions
and TDS did not show so great change. The to-
tal trend of groundwater chemistry was increased
from September to December, 2006 (Fig. 2, C1).
Prediction of the variations of chemical
compositions in groundwater in the future
ARIMA is short for seasonal time series Auto-
regressive Integrated Moving Average predictive
model. Based on the historical data, the changing
model includes moving average and periodic com-
position, and future changes can be predicted.
At the Transect Yahepu, the predicted value of
the concentrations of Cl− in the monitoring well
Fig. 2 The variations of
groundwater chemistry
under the influence of
intermittent water
releases in the lower
reaches of the Tarim
River
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B3 fit nicely for the monitored value. Keeping on
the mode of water release in the river channel,
the concentration of Cl− in groundwater will in-
crease in the future. The variation of concentra-
tion of SO2−4 in groundwater of B3 underwent a
significant up-down-up trend, the ARIMA model
predicted this change well, helping with the pre-
diction; it is easy to see that the concentration
of SO2−4 will increase unwaveringly under the in-
fluence of the coming water releases. Unlike the
changes of Cl− or SO2−4 , the concentrations of Na+
in groundwater will decrease, influenced by the
coming releases. The TDS in the groundwater will
not change much in the future (Fig. 3).
The distance of the monitoring well C1
from the river channel is 230 m in Transect C
(Yinsu), the variations in the concentration of
Cl− under the influence of intermittent water de-
liveries can be fit well by the time series ARIMA
model, and the model indicates that the concen-
tration of Cl− will keep on increasing, as will SO2−4
and TDS. In contrast, the concentration of Na+
will decrease instead of increase (Fig. 4). From the
analysis above, the conclusion can be made that
the three stages of the variation in groundwater
chemistry under the influence of water release is
rational.
Three stages of the changes in groundwater
chemical compositions
Thanks to the water releases, the groundwater
level along the river channel rose step by step.
Before the release, the average depth of the
groundwater was 8.72 m, most vegetation died
out, and the P. euphratica forest shrank sharply.
By now, 11 water releases were completed; the
average depth of the groundwater along the lower
reaches of the Tarim River was 3.39 m and the
damaged ecosystem was restored a lot. Influenced
by the releases, the chemistry of the groundwater
experienced significant changes:
At the initial stage, the concentration of SO2−4
in the groundwater in the study area was double
that before May 14, 2000. The concentrations of
Cl−, Na+, and TDS in the groundwater increased
more than that of SO2−4 . All the chemical compo-
nents decreased sharply at the intermediate stage:
the concentration of Na+ was 3.527 g/L at the
initial stage and became 0.409 g/L at the interme-
diate stage. At the initial stage, the concentration
of Cl− was 5.9517 g/L; it became 0.5616 g/L at the
intermediate stage. Comparing the great changes
at the initial and intermediate stages, the concen-
trations in chemical compositions in groundwater
increased slightly at the later stage (Table 3).
Relations between groundwater chemistry
and distance
The delivered water flowed rapidly on the dry
riverbed; although some of it was evaporated,
most of it infiltrated into soils to complement shal-
low groundwater. The dynamics of water move-
ment in soils is determined by water potential.
Due to the water potential, the water flows from
the upper Transect to the lower Transect and pen-
etrates from the site closest to the watercourse to
that furthest away from the watercourse. Here, we
chose TDS in groundwater as the representative
of groundwater chemistry to discuss the distance
of sample sites from the river affecting the varia-
tions in groundwater chemistry.
The change of TDS is always regarded as the
representative of general water chemistry varia-
tion (Wei 1981). In the initial stage of the ground-
water chemistry reacting to the intermittent
water deliveries, the increased volume of TDS in
groundwater had a cubic relationship with dis-
tance (Fig. 5a). The increased volume was very
different at different distances from the water-
course: within 200 m from the water-delivering
watercourse, nearer to the riverbed, was the more
obvious increase in salinization. The reason is that
the delivered water flow in the watercourse dis-
solved and carried the salinity load on the river-
bed, which resulted in not only the great increase
in groundwater level but also the enhancement of
salinity in the groundwater. The groundwater in
the sample wells 200 to 500 m from the water-
course received less water than the sites nearer
the river, and the salinity in soils is not as abun-
dant, for they are located within the desalting belt
of the river line, so the salt in groundwater did
not show a significant increase. In contrast, the
sample wells 500 m away from the watercourse
located beyond the desalting belt displayed sig-
nificant salts in the soil profile. Although water
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Fig. 3 Prediction of the
groundwater chemical
properties in B3
monitoring well,
Transect Yahepu
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was not as abundant as at the sites nearer to the
river, the volume of increased TDS was also very
significant.
Comparing the simulation of the intermedi-
ate stage with that of the initial stage, we can
see clearly that the decreasing trend of TDS in
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Fig. 4 Prediction of
groundwater chemical
properties in C1 of Yinsu
Sector, lower reaches of
the Tarim River
0
0.3
0.6
0.9
1.2
1.5
1.8
1 3 5 7 9 11 13 15 17 19
 
 
 
0
0.5
1
1.5
2
2.5
1         3          5          7          9  11 13 15 17 19
 
 
 
0
0.2
0.4
0.6
0.8
1
1 3 5 7 9 11 13 15 17 19
 
 
 
0
1
2
3
4
5
1 3 5 7 9 11 13 15 17 19
 
 
Predicted Value 
Monitored value 
Predicted Value 
Monitored value 
Predicted Value 
Monitored value 
Predicted value 
Monitored value 
 W ater release
TD
S 
(g/
L)
 
N
a+
 
(g/
L)
 
SO
42
-
 
(g/
L)
 
N
a+
 (g
/L
)
groundwater during the intermediate stage has
similar characteristics to that at the initial stage
(Fig. 5b). This means that the intermittent water
deliveries greatly affected the groundwater chem-
istry variations. However, the groundwater chem-
istry in the sample wells far away from the main
stream did not express any decreasing change due
to less arriving water, for they were too far away
from the watercourse to receive enough water
support for intense changes in the three stages.
In the late stage, the increased volume in TDS
from groundwater has a logistic relation to the
distances (Fig. 5c). Closer proximity suggests that,
closer to the main stream, greater changes in
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Table 3 Descriptive of groundwater chemistry of different stages influenced by water delivery in the lower reaches of
Tarim River
Variable Series Mean Std. deviation Std. error Minimum Maximum Conefficient
of variation
TDS 1 5.7593 15.66785 3.41900 1.02 73.85 0.5936
2 13.0678 30.54558 5.57683 1.34 155.25 0.4268
3 1.8221 2.10066 0.42013 0.93 11.67 0.2306
4 2.2499 0.84082 0.18348 1.10 4.26 0.0816
Cl− 1 2.4017 7.90139 1.72423 0.23 36.80 0.7180
2 5.9517 17.55405 3.20492 0.21 91.29 0.5385
3 0.5616 1.00027 0.20005 0.22 5.33 0.3562
4 0.6335 0.28371 0.06191 0.27 1.32 0.0978
SO2−4 1 0.8675 1.06786 0.23303 0.23 5.29 0.2686
2 1.8496 1.77645 0.32433 0.28 7.44 0.1754
3 0.3822 0.35305 0.07061 0.00 1.58 0.1847
4 0.4870 0.28720 0.06267 0.14 1.39 0.1287
Na+ 1 1.4537 4.80823 1.04924 0.09 22.40 0.7218
2 3.5270 10.23840 1.86927 0.21 53.25 0.5299
3 0.4096 0.62723 0.12545 0.15 3.36 0.3062
4 0.3820 0.15599 0.03404 0.09 0.75 0.0891
In the table, 1 represents chemical situation before the releases, 2 represents the initial stage of chemical response to the
releases, 3 represents the intermediate stage, and 4 represents the later stage
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Fig. 5 The correlations between distance and groundwater
chemistry (a–c)
water salinity were experienced. This phenome-
non resulted from the different volumes in the
groundwater table lifting, as the sample wells
nearer the watercourse received more water and
the groundwater tables were elevated greatly, due
to more salinity in the soil profile being dissolved,
which enhanced the salinity in the groundwater.
The sample wells over 500 m away from the wa-
tercourse received little delivered water and the
groundwater level had not elevated high enough;
therefore, the groundwater chemistry reacting to
the water deliveries had not entered the late
stage yet.
Relationship between chemical properties
and the depth of groundwater
Initial stage
In the initial stage of groundwater chemistry re-
acting to the water deliveries, the concentrations
of Cl− in groundwater exhibited a great change
along with the variations in the depths of ground-
water. It was not more than 10 g/L when the
depth of groundwater was less than 10 m, and it
increased to more than 40 g/L, and even more than
90 g/L, when the depths were deeper than 10 m.
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The relations between the content of Cl− and the
depth of groundwater can be simulated as:
y = 0.457x3 − 7.951x2 + 42.246x
−64.604 (R2 = 0.9192, P < 0.0001) ,
in which x is the depth of groundwater in meters
and y is the concentration of Cl− in grams per liter.
The concentrations of SO2−4 in groundwater
were also correlated to the depths of groundwater;
when the depths of groundwater were shallower
than 10 m, the contents of SO2−4 were about 2 g/L
or so, and when the groundwater level was deeper,
the content of SO2−4 increased sharply. Na+ in
groundwater had close relations to the depths of
groundwater too; the equation of the relations is:
y = 0.271x3 − 4.757x2 + 25.511x
−39.514 (R2 = 0.921, P < 0.001) ,
where x is the depth of groundwater in meters and
y is the concentration of SO2−4 in grams per liter.
TDS is the representative of groundwater chem-
istry, and it was certainly determined by ground-
water depths; their relations can be described as
follows:
y = 0.761x3 − 13.15x2 + 69.21x
−101.4 (R2 = 0.88, P<0.001)
In this equation, x is the representation of
groundwater depth and y is TDS in groundwater.
The other ions, such as HCO−3 , Ca2+, Mg2+, and
K+, had no significant relations to the depths of
groundwater. It is clear that the ions in groundwa-
ter are easy to influence by variations in ground-
water depth; however, the ions with low solubility
did not change much.
Intermediate stage
In the intermediate stage, the concentrations of
chemical properties decreased greatly, and the
contents were also related to the groundwater
depths: Concentrations of Cl− were quatratic rela-
tions to the depths of groundwater, which means
that too shallow, as well as too deep, groundwater
levels will lead to an increase of Cl− in ground-
water. The concentrations of SO2−4 had cubic rela-
tions to groundwater depths, but the curve is quite
like a parabola. The contents of K+ and TDS in
groundwater in the intermediate stage were also
quadratic relations to the depths of groundwa-
ter. This indicates that too-shallow or too-deep
groundwater levels are not better for water quality
promoting.
Later stage
In the later stage of groundwater chemistry react-
ing to the deliveries, the Cl− and TDS in ground-
water showed exponential relations to the depths;
Fig. 6 Correlations
between chemical
compositions and depths
of groundwater at the
later stage of
groundwater chemistry
reacting to the water
releases (a–d) (a)
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Table 4 Relations between major ions and the depth of groundwater in the intermediate stage
Chemical properties Relations to groundwater depths Equation R2 Significant
Cl− Quadratic relation y = 0.0163x2 − 0.2109x + 0.9637 0.4345 P < 0.01
SO2−4 Cubic relation y = 0.005x3 − 0.034x2 − 0.098x + 0.961 0.75 P < 0.005
Na+ Quadratic relation y = 0.0056x2 − 0.0962x + 0.6098 0.317 P < 0.01
TDS Quadratic relation y = 0.0692x2 − 0.8228x + 3.5901 0.414 P < 0.01
in contrast, the concentrations of SO2−4 and Na+
exposed cubic relations to the depth. Their trends
tell us that, with the uprising of the groundwater
level, the groundwater quality was not promoted
all the way (Fig. 6).
Based on the analysis above, it can be con-
cluded that the changes of the depth in groundwa-
ter always led to variations in the concentration of
major ions in the groundwater; when the depth of
the groundwater was 5 to 6 m, the concentrations
of main ions were the lowest (Table 4). Therefore,
5 m or so of groundwater depth is pursued.
Relationship between groundwater chemistry
and the salinity in soils
The variations in groundwater chemistry influ-
enced by water deliveries are the result of salt
exchange between groundwater and soil profile
through water flow. The monitored data indi-
cate that the more salt the soil profile contained,
the greater the capacity of chemical composi-
tion in groundwater was. The regression analysis
between TDS in groundwater and the electric con-
ductivity (EC) noted that the groundwater water
y = 3. 538Ln( x)  + 2. 4543
R 2 = 0. 5699, P=0. 000
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Fig. 7 Correlations between TDS in groundwater and EC
in soil profile
chemistry was impacted by soil salinity signifi-
cantly; the relations between TDS in groundwa-
ter and the EC in soil layer of 0–5 cm can be
modeled as:
TW = 0.4328E2S − 3.9747ES
+ 6.969 (R2 = 0.9162, P < 0.01),
where ES is the EC in the soil profile in milli-
siemens per centimeter and TW is the TDS in
groundwater in grams per liter.
The chemical compositions in groundwater also
affect the salinity in soils. Figure 7 is the regression
between EC in the soil profile and TDS in ground-
water; it shows that, with the increase of TDS in
groundwater, the EC in the soil profile increases
logarithmically.
Relationships between groundwater chemistry
and runoff in watercourse
Water in the river infiltrated into the soil pro-
file and supplied the groundwater. During the
process, the salt in the soil profile and ground-
water of an unknown location were carried away
by the flow; the more runoff there was in the
river, the more salt from that location was moved
away. We compared the concentration of TDS in
the groundwater and the runoff in the river; it
was found that the concentrations of TDS in the
groundwater decreased steadily with the increase
of runoff in the riverbed, and the relations can be
simulated as:
TW = −3.2202Ln(RO)
+ 11.692 (R2 = 0.3343, P < 0.01),
where, the RO is the runoff in the riverbed in
meters per second and the TW is the TDS of the
groundwater.
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Discussion
Suffering a strong evaporation and no runoff for
nearly 30 years, plenty of salt has been accumu-
lated in the upper soil layers in this region. When
the water of the first release arrived, some of
the salt in the soil was dissolved, resulting in the
increase of TDS and major ions. This process is
called the “initial stage” of the groundwater chem-
istry response to the intermittent water releases.
As more and more water arrived, on the one hand,
it diluted the saline solution, and on the other
hand, it took some of the salt in the groundwater
away through drainage. These effects led to the
gradual decline of the TDS and concentrations of
the major ions, which indicated the groundwater
reaction to the release went into a new stage—the
intermediate stage. After the intermediate stage,
the incoming water raised the groundwater table
nearer and nearer to the topsoil, which induced
a strong evaporation. Under this effect, much of
the salt in the groundwater moved up and even
accumulated at the topsoil, which made the TDS
and the concentrations of the major ions in the
groundwater increase once again. This process is
called the “later stage” of the groundwater chem-
istry response to the water releases.
Based on the theory of three stages, the salinity
in the soil profile and the depth of the ground-
water are the critical factors that determine the
change of chemical characteristics in groundwater.
The distance of the monitoring well from the wa-
tercourse has significant effects on the variations
in groundwater chemistry; for the monitoring well
near the river, a slight change of water in the
river would lead to variations in the chemical
components of the groundwater. The monitor-
ing well far away from the watercourse hardly
received enough water to change the chemical
characteristics.
The salt in groundwater has great effects on the
ecological restoration. To pursue the best quality
of the groundwater, the depth of the groundwater
should be 5 m or so. In addition, when the depth is
kept at 5 m, the cherished water resources will not
be lost in cases of serious evaporation in the study
area (Song et al. 2000; Fan et al. 2004); the physical
response of P. euphratica tells us that it can grow
normally when the depth of the groundwater is
5 m (Chen et al. 2006; Wang et al. 2007).
Water is the most important ecological factor
for vegetation in inland water valleys. Because
less water has been supplied to the lower Tarim
River since the Daxihaizi Reservoir was built in
1972, P. euphratica communities, which are named
the “Green corridor,” were damaged seriously.
Although the releases have been carried out for
more than 7 years so far, there were few P. eu-
phratica seedlings in our investigating transects.
Without new trees, the succession of plant the
community cannot continue, and this means that
the real ecological restoration does not begin.
The present linear release of water increasing
the concentration of salt in both groundwater and
soil profile, as well as rising groundwater level,
increased the moisture of soil. The increase of
salt in groundwater and soil is harmful for the
new P. euphratica trees and keeps the seeds of
P. euphratica from burgeoning. This is the major
reason why no new trees exist in the study area.
Therefore, a new mode of water release, for ex-
ample, surface water supply, should not only offer
a suitable habitat for seed burgeoning, but should
also prevent the soil salinization, promoting the
healthy growth of the young forest.
Conclusion
1. Influenced by the intermittent water releases,
the TDS and major ions in groundwater ex-
pressed three stages (up, down, and up) of
changes. A series of environmental factors
have effects on the chemical changes along the
water release channel, such as the depth of
the groundwater, the salinity in the soil profile,
the sites of the monitoring wells from the
water course, the runoff in the channel, and
so on.
2. The variations in the depth of the groundwa-
ter are the motives for the change of ground-
water chemistry. The concentration of major
ions and TDS in groundwater is the least
when the groundwater depth is 5 m or so.
Our plant investigations confirm that the adult
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P. euphratica forest can grow well when the
groundwater depth is 5 m.
3. The salinity in the soil profile is one of the
most important factors for the groundwater
chemistry. At the lower reaches of the Tarim
River lying at the lowest point of the Tarim
Basin, the concentration of salt is quite high in
both groundwater and soils. The P. euphratica
is known for drought and salt tolerance, but
the infant trees are very weak. The surface wa-
ter supply will offer the young trees a suitable
environment, so this mode of water release
should be considered.
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